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SI APPENDIX: Laterally transferred gene recruited as a venom in parasitoid wasps

SUPPLEMENTAL MATERIALS AND METHODS

Venom and whole body transcriptome assembly

Transcriptomes were sequenced at the University of Rochester Genomics Research Center
(URGRC) on an Illumina HiSeq2500; venom transcriptomes of 10 wasp species were sequenced
on 1/10™ of a lane and whole body transcriptomes of 13 wasp species were sequenced on 1/6™ of
a lane. Pre-processing of the raw Illumina sequences included seqClean adaptor, uniVec database
filtering, and poly-A tail trimming, as well as end quality trimming using the FASTx-toolkit
(fastq_quality trimmer) with the following parameters: "-t 13 -1 25 -Q 33" (Pearson, et al. 1997).
De novo assembly was performed via the Trinity software package v.r2013-02-25 (Grabherr, et
al. 2011). To obtain expression values, raw reads were mapped using the Burrows-Wheeler
Aligner (BWA v.0.7.8) allowing for two mismatches per raw read (-n 2) (Li and Durbin 2009)
and fragments per kilobase per million (FPKM) values were calculated in Cufflinks v.2.2.0
(Trapnell, et al. 2012; Trapnell, et al. 2013). Genes identified as GH19 chitinase were deposited
in GenBank under accessions KT359534-KT359552.

Venom proteomes

For each species (N. vitripennis, N. giraulti, N. longicornis, T. sarcophagae, U. rufipes, M.
uniraptor, S. cameroni, Melittobia sp, and T. zealandicus), 75-100 reservoirs were collected and
venom was extracted by centrifuging at 12,000 g for 15 minutes at 4°C. Proteomic analysis and
peptide mapping to the de novo venom transcriptomes was performed by the Proteomics and

Mass Spectrometry Facility at Cornell University.

SUPPLEMENTAL RESULTS

Intron and copy number in mosquitoes

We found a single copy of the GH19 chitinase gene with no introns in 4. aegypti, whereas GH19
chitinase appears four times in the genome of C. quinquefasciatus (SI Appendix, Fig. S2). In two
C. quinquefasciatus proteins, tandem duplication has resulted in a single protein with two
concatenated GH19 chitinase domains, separated by an intron (SI Appendix, Fig. S6). The third
copy has developed an intron within the GH19 chitinase domain. In the final C. quinquefasciatus

copy, the GH19 chitinase domain has become attached to the mosquito transmembrane protein,
1
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tartan, and is transcribed into a single mRNA (EDS42856). In Drosophila melanogaster, tartan
is involved in cell surface interactions during the organization of epidermal structures (Chang, et

al. 1993).

GH19 chitinase in bacteria and plants

Phylogenetic reconstruction does not provide definitive support, but the likely point of origin for
the GH19 chitinase gene appears to be bacteria or plants. Among bacteria, GH19 chitinase has an
extremely sporadic occurrence, for example, the gene is readily found in Actinomycetales, yet is
absent among the sister lineage Bifidobacteriales and the remaining taxa of the phylum
Actinobacteria (supplementary fig. S8, Supplementary Material online). This patchy distribution
suggests horizontal transfer has influenced the distribution of GH19 chitinase among bacteria.
Alternatively, GH19 chitinase could have arisen as a fungal defense mechanism in
Embryophytes (land plants) during their migration to land. GH19 chitinases are present in the
earliest Embryophytes (i.e. mosses and spike mosses), Gymnosperms, and Angiosperms, yet
absent in the immediately branching taxa (supplementary fig. S7, Supplementary Material
online). Embryophyte GH19 chitinases underwent at least three duplications relatively early in
plant evolution and numerous copies are present in individual genomes (e.g. Zea mays has 19

copies) (Prakash, et al. 2010).
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Fig. S4. Sequences and maximum likelihood tree used for the CodeML analysis in PAML.
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Fig. S5. Genes without annotation of Sarcophaga bullata, the fly host, that are significantly
differentially expressed upon envenomation by N. vitripennis with GH19 chitinase knocked
down via RNAi. Comparison of host gene expression 72 hours after envenomation with the
complete venom repertoire “Envenomated”, with LacZ RNAi control venom “Whole Venom
Control”, and venom depleted of GH19 chitinase by RNAi “EC Knockdown”. The
“Nonenvenomated” represents gene expression in normally developing hosts at the same age.
Expression is measured in fragments per kilobase per million (FPKM). The “Envenomated” and

“Nonenvenomated” data are from Martinson et al. (2014).
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da. Culicinae Microsporidia 25/25
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Fig. S7. The number of species in which a GH19 chitinase copy was found compared to the
number of genomes that were searched (or the NCBI nr database) across different sections of the
tree of life. Phylogenies adapted from (Wiegmann, et al. 2011; Klopfstein, et al. 2013; Misof, et
al. 2014; Peters, et al. 2014; Roy, et al. 2014).
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Fig. S8. The number of GH19 chitinase copies that were found compared to the number of

genomes that were search across Bacteria and Archaea. Phylogeny adapted from (Rinke, et al.
2013).
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Fig. S9. Predicted protein structures for Nasonia vitripennis (a), Culex quinquefasciatus (b),
Rozella allomycis (c), Nosema apis (d), Vavraia culicis (e), Phytophthora parasitica (f),
Physcomitrella patens (g), Streptomyces coelicolor (h), Amborella trichopoda (i). Each sequence
has a strong match (p-value < 3e-08) to a GH19 chitinase structural models in either bacteria or

plants (2dkv, 2¢jl, 3wh1, 1wvu, 4dwx).
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SUPPLEMENTAL TABLES

Table S1: Intron number and size in the GH19 chitinase gene copies in three available chalcidoid genomes. Columns indicate name of
the GH19 chitinase copy in each genome assembly, the scaffold number of the gene, the scaffold length, number and length of intron,
whether there are immediate genes with top hits to Hymenoptera, and the amino acid position in the N. vitripennis venom GH19 chitinase
does the intron start. Superscripts indicate that the copies are located close together with *913bp, A3382bp, and ~2567bp apart.

Flanking wasp

Scaffold Scaffold length Intron number  Avg. Intron length genes Start aa of intron
Trichogramma
pretiosum
TPRE001600-RA 3 7060343 1 35 yes 80
TPRE001608-RA(a)* 3 7060343 1 74 yes 80
non-annotated* 3 7060343 1 60 yes 158
TPRE005901-RA 27 4034374 1 92 yes 80
Copidosoma
floridanum
CFLO001724-Ra(a)” 30 3281913 1 75 yes 60
CFLO001724-Ra(b)” 30 3281913 1 75 yes 80
CFLO004926-RA 134 2271108 1 209 no 80
Nasonia
vitripennis
Nasvi2EG021382~ 143 399086 1 491 yes 60
Nasvi2EG021383~ 143 399086 2 497 yes 80, 103
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